THEODOLITE AND 
TRAVERSE SURVEYING 











4.1 THE THEODOLITE 


A theodolite is a versatile instrument basically designed to measure horizontal and vertical angles. 
It is also used to give horizontal and vertical distances using stadia hairs. Magnetic bearing of lines 
can be measured by attaching a trough compass to the theodolite. It is used for horizontal and 
vertical alignments and for many other purposes. 


A theodolite has three important lines or axes, namely the horizontal axis or trunion axis, the 
vertical axis, and the line of collimation or the line of sight. It has one horizontal circle perpendicular 
to the vertical axis of the instrument for measuring horizontal angles and one vertical circle 
perpendicular to the trunion axis for measuring vertical angles. For leveling the instrument there is 
one plate level having its axis perpendicular to the vertical axis. The instrument also has one 
telescope level having its axis parallel to the line of sight for measuring vertical angles. 


The three axes of a perfectly constructed and adjusted theodolite have certain geometrical 
requirements of relationship between them as shown in Fig. 4.1. The line of collimation has to be 
perpendicular to the trunion axis and their point of intersection has to lie on the vertical axis. The 
intersection of the horizontal axis, the vertical axis and the line of collimation, is known as the 
instrumental centre. The line of sight coinciding with the line of sight describes a vertical plane 
when the telescope is rotated about the trunion axis. The vertical axis defined by plumb bob or 
optical plummet, has to be centered as accurately as possible over the station at which angles are 
going to be measured. 
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4.2 ERRORS DUE TO MALADJUSTMENTS OF THE THEODOLITE 


Errors in horizontal circle and vertical circle readings arise due to certain maladjustments of the 
theodolite. 


Error in the Horizontal Circle Reading 
Error in the horizontal circle readings are due to the following maladjustments of the instrument: 
(i) The line of collimation not perpendicular to the trunion axis by a small amount c. 


(ii) The trunion axis not perpendicular to the vertical axis by a small amount i. 


The Line of Collimation Not Perpendicular to the Trunion Axis by a Small Amount c 


Let us consider a sphere the centre O of which is the instrumental centre of the theodolite as 
shown in Fig. 4.2. The line of sight of the theodolite is out of adjustment from the line perpendicular 
to the trunion axis by a small angle c. When the theodolite is rotated about the trunion axis for the 
pointing on P the line of sight sweeps along circle Z,PT,. The reading on the horizontal circle, 
however, as if P were in vertical circle ZS, (to which Z,PT, is parallel) whereas it is actually in 
vertical circle ZP,. Consequently, the error in the horizontal circle reading is S,P, for this sighting, 
and is positive on a clockwise reading circle. 
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Fig 4.2 


Let SP be at right angles to ZS, in the spherical triangle ZSP and the altitude of P be 
h (= PP). Then 


sin Z sin S 
sin SP sin ZP 








| sin SP sin S 
or sin Z = —— 
sin ZP 


For small angle, we can write the error in horizontal circle reading 


z-—€ sin 90? — с 
sin (90° — h) cosh 





= csech. (4.1) 


THEODOLITE AND TRAVERSE SURVEYING 91 


The Trunion Axis not Perpendicular to the Vertical Axis by a Small Amount i 


In Fig. 4.3, it has been assumed that the left-hand support of the trunion axis is higher than 
the right-hand support and, consequently, the line of sight sweeps along circle Z,PS:, making angle 
i with the vertical circle ZS}. P appears to be on that circle but is in fact on vertical circle 2Р,, 
and therefore, the error in the horizontal circle reading is SP, and it is negative. 


Considering the right-angled spherical triangle PP,S, in which <P, = 90°, from Napier’s rule 
we have 
sin P,S, = tan i.tan PP, . 
For small angles we can write the error in horizontal circle reading 
P,S, =i tan PP, = itan h (4.2) 
where PP, PP y= h. 


In the case of depression angles the errors in horizontal circle reading due to collimation error 

c are the same since path Z,PT, is parallel to ZS, throughout (Fig. 4.2). However, for the error 

in trunion axis, path Z,PS, in Fig. 4.3, is inclined to ZS3, the two paths effectively crossing at S4 

when moving from elevation to depression. Thus there is a change in the direction of error for 
depression angles. 
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Fig. 4.3 


For face right observations the path of the lines of sight change from Z, to Z/” in Fig. 4.2, 
thus giving an error of P,S, in the horizontal circle reading. This is of similar magnitude but of 
opposite sign to S,P,. Similarly, in Fig. 4.3, 2, moves to 25 and S) to S4, giving error S,P, which 
is of same magnitude but of opposite sign to error P,S3. 


It may be noted that in each case taking means of face left and face right observations cancels 
out the errors, and the means will be the true values of the horizontal circle readings. 


Errors in Vertical Circle Reading 


Errors in circle readings due to the line of collimation not being perpendicular to the trunion axis 
and the trunion axis not being perpendicular to the vertical axis may be taken as negligible. When 
the vertical axis is not truly vertical the angle i by which the trunion axis is not perpendicular to 
the vertical axis, varies with the pointing direction of the telescope of the instrument. Its value is 
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maximum when the trunion axis lies in that plane which contains the vertical axis of the instrument 
and the true vertical. However, in this case the horizontal circle, reading will be in error as the 
trunion axis is inclined to the vertical axis of the instrument. The error in this case is of the form 
(ii) above but i is now variable. 


4.3 TRAVERSE 


A traverse consists a series of straight lines of known length related one another by known angles 
between the lines. The points defining the ends of the traverse lines are called the traverse stations. 


Traverse survey is a method of establishing control points, their positions being determined 
by measuring the distances between the traverse stations which serve as control points and the 
angles subtended at the various stations by their adjacent stations. The anglers are measured with 
a theodolite and the distances are measured by the methods discussed in Chapter 2 depending on 
the accuracy required in the survey work. Chain and compass traverse may be run for ordinary 
surveys. 


Types of Traverse 


There are two types of traverse, namely the open traverse and the closed traverse. An open traverse 
originates at a point of known position and terminates at a point of unknown position (Fig. 4.4a), 
whereas a closed traverse originates and terminates at points of known positions (Fig. 4.4b). When 
closed traverse originates and terminates at the same point, it is called the closed-loop traverse 
(Fig. 4.4 c). For establishing control points, a closed traverse is preferred since it provides different 
checks for included angles, deflection angles and bearings for adjusting the traverse. When an open 
traverse is used the work should be checked by providing cut off lines and by making observations 
on some prominent points visible form as many stations as possible. 


N 
N 1 - 
A B N \ Ы 
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ma | В D A 
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(a) (b) (c) 


Fig. 4.4 


4.4 COORDINATES 


Normally, plane rectangular coordinate system having x-axis in east-west direction and y-axis in 
north-south direction, is used to define the location of the traverse stations. The y-axis is taken 
as the reference axis and it can be (a) true north, (b) magnetic north, 


(c) National Grid north, or (d) a chosen arbitrary direction. YAN 
Usually, the origin of the coordinate system is so placed that the E C 
entire traverse falls in the first quadrant of the coordinate system and d hə 


all the traverse stations have positive coordinates as shovvn in Fig. 4.5. 
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4.5 BEARING 


Bearing is defined as the direction of any line with respect to a given meridian as shown in Fig. 
4.6. If the bearing 0 or 6’ is measured clockwise from the north side of the meridian, it is known 
as the whole-circle bearing (W.C.B.).The angle @ is known as the fore bearing (F.B.) of the line 
AB and the angle О” as the back bearing (B.B.). If 9 and 0' are free from errors, (0 - 6? is always 
equal to 180°. 


N 
The acute angle between the reference meridian and the line HE A 
is known as the reduced bearing (R.B.) or guadrantal bearing. In ə kaa sb) 
Fig. 4.7, the reduced bearings of the lines OA, OB, OC, and OD | : 
are NOLE, SO,E, SOW, and NOW, respectively. m 
A 
4.6 DEPARTURE AND LATITUDE Fig. 4.6 


The coordinates of points are defined as departure and latitude. The latitude is always measured 
parallel to the reference meridian and the departure perpendicular to the reference meridian. In Fig. 
4.8, the departure and latitude of point B with respect to the preceding point A, are 
Departure = BC = / sin 0 
Latitude = AC = | cos 6. ...(4.3) 
where / is the length of the line AB and 6 its bearing. The departure and latitude take the sign 


depending upon the quadrant in which the line lies. Table 4.1 gives the signs of departure and 
latitude. 














Table 4.1 
Quadrant 
NE | SE sw | N-V 
Departure + | + | = | = 
Latitude + | = | = | 4 





Departure and latitude of a forward point with respect to the preceding point is known as the 
consecutive coordinates. 
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Fig. 4.7 Fig. 4.8 
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4.7 EASTING AND NORTHING 


The coordinates (X,Y) given by the perpendicular distances from the two main axes are the eastings 
and northings, respectively, as shown in Fig. 4.9. The easting and northing for the points P and 
Q are (Ep, Np,) and (Ep, Np,), respectively. Thus the relative positions of the points are given by 





AE-E, -Ep 
ANN. NS. ..(4.4) 
N 
A 
< 
F Ки 
ә >P 





4.8 BALANCING THE TRAVERSE 
In a closed traverse the following conditions must be satisfied: 
Y Departure = XD = 0 
У Latitude = XL = O ...(4.5) 


If the above conditions are not satisfied, the position A of the originating stations and its 
computed position A” will not be the same as shown in Fig. 4.10, due to the observational errors. 
The distance AA” between them is known as the closing error. The closing error is given by 


e —.İ(XD)” + (XL)? ...(4.6) 


and its direction or reduced bearing is given by 


m (XD) 
EL 


tan 9 (4.7) 


The term balancing is generally applied to the operation of adjusting the closing error in a 
closed traverse by applying corrections to departures and latitudes to satisfy the conditions given 
by the Eq. (4.5). 

The following methods are generally used for balancing a traverse: 


(a) Bowditch's method when the linear errors are proportional to V/ and angular errors are 
proportional to 1/VI, where / is the length of the line. This rule can also be applied graphically when 
the angular measurements are of inferior accuracy such as in compass surveying. In this method 
the total error in departure and latitude is distributed in proportion to the length of the traverse line. 
Therefore, 
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l 
p. 
oa. 
C -xLl 
Ha ...(4.8) 


where 
Cp and c; = the corrections to the departure and latitude of the line to which the correction 
is applied, 
| = the length of the line, and 
XI = the sum of the lengths of all the lines of the traverse, i.e., perimeter p. 


(b) Transit rule when the angular measurements are more precise than the linear measurements. 
By transit rule, we have 


D 
Cp = ED — .. (49 
D, (4.9) 

PAGE m 

T 


where 


D and L = the departure and latitude of the line to 
which the correction is applied, and 


a > 


Dy and Ly = the arithmetic sum of departures 
and latitudes all the lines of the “2H 
traverse, (i.e., ignoring the | 
algebraic signs). 





4.9 OMITTED OBSERVATIONS 


In a closed traverse if lengths and bearings of all the lines could not be measured due to certain 
reasons, the omitted or the missing measurements can be computed provided the number of such 
omissions is not more than two. In such cases, there can be no check on the accuracy of the field 
work nor can the traverse be balanced. It is because of the fact that all the errors are thrown into 
the computed values of the omitted observations. 


The omitted quantities are computed using Eq. (4.5), i.e. 
YD -lsin 0; Esin О, +....... + hsin О, = О 
ÈL = l cos 0; #hcos 0, +....... + hsin 8, = 0 ...(4.10) 


It may be noted that 


length of the traverse lines / 2./p2, r2 
departure of the line D = / sin 0 


latitude of the line L = / cos 0 
bearing of the line q = tan (D/L). 
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4.10 CENTERING ERROR OF THEODOLITE 


If the theodolite is not correctly centered over the ground station mark at which the horizontal 
angles are to be measured, its vertical angle will not pass through the station mark and the measured 
horizontal angle will be in error. 


In Fig. 4.11, let the true centering position of the theodolite be S. When the theodolite is not 
correctly centered over station S the vertical axis of the theodolite may lie any where within a circle 
of radius x from S, x being the centering error. However, there are two points S, and S, on the 
perimeter of the circle at which the true horizontal angle PSQ will be subtended. 5, and S, lie on 
the circumference of the circle passing through P, S and Q. Accordingly ZPS,Q = ZPSQ = 
ZPS,Q, because all the three angles stand on chord PQ. 





To determine the maximum angular error 
due to a centering error, let us assume that the 
theodolite is centered at S^ which is x distance 
away from the correct position S. 





Correct horizontal angle ZPSQ = y= 0+ ö 
Measured horizontal angle ZPSQ = Y 
a+0+o+ B 


Therefore the error in measurement E= // — y 


= a+ 8 
From ASS P, we have 


sina sin 0 

















= ...(4.11 
SS” S'P ( ) 
From ASS "О, we have 
sinB sing 
S SO" ...(4.12) 
Taking SP = y and SQ = z, for small angles Eqs. (4.11) and (4.12) become 
. xsin8 
y 
xsin 
B -xsme 
2 
Therfore E= x snp oe? 
y 2 
x | sin9 sing 
= — 3 + seconds ...(4.13) 
sin | y 2 
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x 
where — —, = 206265. 
sinl 


The maximum absolute error E occurs when 
(a) sin 0 and cos 6 are maximum, i.e., в = ф = 90°. 


(b) y and z are minimum. 
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For the given values if y, y and z, the maximum angular error can be determined as under. 


For a given value of y, 


DT 7-0 





sin 1” 


"-" x 77: 


y 2 


.. (4.14) 





= sinl y 


x | sinycosó —sinócosy , a 
Z 





dE x Н " 
2 = 


аф "sinl y 


cosó sin ysin 6 t cosp cosy 
2 у 





y = z(siny tang +cosy) 


_ y-zcosy 


tan p - 
zsin y 


...(4.15) 


For the given values of y, y and z, the maximum value of oz can be determined from Eq. (4.15) 
which on substitution in Eq. (4.14) will give the maximum absolute error E, 


4.11 COMPATIBILITY OF LINEAR AND ANGULAR MEASUREMENTS 


The precision achieved in a measurement depends upon the 
instruments used and the methods employed. Therefore, the 
instruments and methods to be employed for a particular survey 
should be so chosen that the precision in linear and angular 
measurements are consistent with each other. This can be achieved 
by making the error in angular measurement equal to the error in 
the linear measurement. 








Fig. 4.12 


In Fig. 4.12, a point R is located with reference to the traverse line PQ by making angular 
measurement 6 and linear measurement l. But due to the errors ó0 in the angular measurement R 
is located at R^ and due to error ö/ in the linear measurement the location of R” is further displaced 


to R” from R” 
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The displacement due to the angular error 


The displacement due to the linear error 


For consistency in linear and angular errors 


OT 


For small values of 66, 
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RR’ = 1 tan 00. 
R”R” = öl. 
RR” - R'R" 
l tan 60 = öl 
él 
tan 00 = —. 
1 
tan 00 = 096, thus 
00 = a ...(4.16) 


Example 4.1. The fore bearings and back bearings of the lines of a closed traverse ABCDA 


were recorded as below: 























Line | Fore bearing | Back bearing 
AB 77°30’ 259°10° 
BC 110°30° 289°30° 
CD 228°00° 489007 
DA 30950 129010" 





Determine which of the stations are affected by local attraction and compute the values of the 


corrected bearings. 
Solution (Fig. 4.13): 
Method-I 


In this method the errors in the bearings of the lines are determined and the bearings are 


corrected for the respective errors. 


By observing the values of the fore bearings and 
back bearing of the lines, it is found that the fore bearing 
and back bearing of the line CD differ exactly by 180°, 
i.e., 228° — 48° = 180°. Therefore both the stations C and 
D must be free from local attraction. Since for other lines 
the difference is not 180°, the stations A and B are affected 


by local attraction. 


Since station D is free from local attraction, the fore 


bearing of DA must be correct. 


Calculation of corrected bearings 


Correct fore bearing of DA 
Correct back bearing of DA 


Free from 
local 
attraction 


Free from 
local 
attraction 





30950” (given) 
180° + 309950” = 129°50’ 
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Observed back bearing of DA = 129°10’ 
Error at A = 129910” — 129950” = — 40” 
Correction at A = + 40 
Observed fore bearing of AB = 77°30’ 
Correct fore bearing of AB = 77°30 + 40” = 78°10’ 
Correct back bearing of AB = 180° + 78°10’ = 258710” 
Observed back bearing of AB = 259°10’ 
Error at B = 259910” - 258910” = 1° 
Correction at B = - 1? 
Observed fore bearing of BC = 110?30' 
Correct fore bearing of BC = 110930” - 1° = 109°30’ 
Correct back bearing of BC = 180° + 109°30’ = 289°30’. (Check) 


Since the computed back bearing of BC is equal to its observed back bearing, the last 
computation provides a check over the entire computation. 


Method-II 


Since all the bearings observed at a station are equally affected, the difference of bearings of 
two lines originating from that station will be the correct included or interior angle between the lines 
at that station. In this method, from the observed bearings included angles are computed and 
starting from a correct bearing, all other bearings are computed using the included angles. 


In Method-I we have found that the stations C and D are free from local attraction and 
therefore, the bearings observed at these stations are the correct bearings. 


Calculation of included angles 
Included angle A = back bearing of DA - fore bearing of AB 

129910” — 77°30’ = 51°40’. 
Included angle B = back bearing of AB - fore bearing of BC 

= 259910” — 110?30' = 148940”, 
Included angle C = back bearing of BC - fore bearing of CD 

= 289930” — 228900” = 61°30’. 
Included angle D = back bearing of CD - fore bearing of DA 

= (48°00 — 3099507) + 360° = 98°10’. 
X Included angles = 519407 + 148°40’ + 61°30’ + 989107 = 360° 

Theoretical sum = (2n - 4). 90° = (2 x 4 - 4) x 90° = 360°. (Check) 


Since the sum of the included angles is equal to their theoretical sum, all the angles are assumed 
to be free from errors. 


Calculation of corrected bearings 
Correct back bearing of DA = 180° + 309°50’ — 360° = 129°50’ 
Correct fore bearing of AB = 129950” — ZA = 12950 — 51°40’ = 78°10’ 
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180? + 78°10’ = 25810 
2589107 — ZB = 258°10’ — 148°40’ = 10930 
Correct back bearing of BC = 180° + 109930” = 289°30’. (Check) 


The corrected bearings of the lines are tabulated in Table 4.2. 


Correct back bearing of AB 


Correct fore bearing of BC 




















Table 4.2 

Corrected 
Line = 7 

Fore bearing | Back bearing 

AB 78910” 258910” 
BC 10930” 28930 
CD 228900” 48°00’ 
DA 309950” 12950” 











Example 4.2. The angles at the stations of a closed traverse ABCDEFA were observed as 
given below: 





Traverse station | Included angle 
A 12035700” 
892340” 
13101700” 
12802720” 
94544)” 
1559597207 




















"u бу Ә (О | Бә 








Adjust the angular error in the observations, if any, and calculate the bearings of the traverse 
lines in the following systems if whole circle bearing of the line AB is 42°: 


(a) Whole circle bearing in sexagesimal system. 

(b) Quadrantal bearing in sexagesimal system. 

(c) Corresponding values in centesimal system for (a). 
Solution: 
Adjustment of angular error 


The sum of the internal angles of a polygon having n sides is (2n - 4). 90?, therefore for six 
sides polygon 


Y Internal angles = (2 x 6 — 4) x 90? = 720° 

x Observed internal angles = 719°56’00” 
Total error = 7199567007 — 7202 = — 4’ 

Total correction = 4’ or 240”. 


Since the error is of some magnitude, it implies that the work is of relatively low order; 
therefore, the correction may be applied equally to each angle assuming that the conditions were 
constant at the time of observation and the angles were measured with the same precision. 
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Hence the correction to each angle 


2407 


= — = 40”. 
6 
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The corrected included angles are given in the following table: 


























Traverse station | Included angle | Correction | Adjusted value 
A 120°35’00” + 40” 120235740” 
B 8923740” + 40” 89°24’20” 
C 13170100” + 40” 1319017407 
D 128202720” + 40” 128°03’00” 
E 94°54’40” + 40” 94“55720” 
F 1557597207 + 40” 1569700700” 
x 7199567007 + 240” 7207007007 














(a) Calculation of VV.C.B. 


W.C.B. 
W.C.B. 
W.C.B. 


W.C.B. 
W.C.B. 


W.C.B. 
W.C.B. 


W.C.B. 
W.C.B. 


W.C.B. 
W.C.B. 


W.C.B. 
VV.C.B. 


W.C.B. 


of AB = 42° (given) 
of BA = 
of ВС = W.CB. of 


BA - ZB 


180° + 42° = 2220000” 


= 2220000” - 892420” = 13223540” 
of CB = 180° + 13223540” = 31223540” 
of CD = W.C.B. of CB- ZC 
= 312?25'40" - 1317017140” = 18123400” 
of DC = 180° + 181°34’00” = 361°34’00” — 3602 = 123400” 


of DE = W.C.B. of DC 


- /D 


= 36173400” - 1289703700” = 23323100” 
of ED = 180° + 2337931700” = 413231100” - 360° = 53?31'00" 
of EF = W.C.B. of ED - ZE 
= 413731100” - 94°55’20” = 31823540” 


of FE = 180° + 31823540” = 498?35'40" - 360° 
of FA = W.CB. of FE 


- ZF 


13873540” 


= 4989735740” — 1569007007” = 34223540” 
of AF = 180° + 342035740” = 52203540” – 360° = 16223540” 
of AB = W.C.B. of AF - ZA 
= 16223540” — 1203540” = 42?00'00". (Check) 
(b) Computation of Quadrantal bearings (R.B.) 


of AB = 42° 


AB being N-E quadrant, R.B. = N42°E 


W.C.B. 


of BC = 132?35'40" 


BC being S-E quadrant, R.B. = S (180° — 132235407) E = S47724720”E 


W.C.B. 


of CD = 181?34'00" 
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CD being S-W quadrant, R.B. = S(181°34’00” — 180°)W = S1734700”VV 
VV.C.B. of DE = 233731700” 

DE being S-W quadrant, R.B. = S(233?31'00" – 180°)W = S53?31'00"W 
VV.C.B. of EF = 318235740” 

EF being N-W quadrant, R.B. = N(360° — 318?35'407)W = N41724720”VV 
VV.C.B. of ЕА = 34223540” 

FA being N-W quadrant, R.B. = N(360? — 342°35’40”)W = N17°24’20’W. 

W.C.B. in centesimal system 


In the centesimal system a circle is divided equally in 400 gon, as against 360° in the sexagesimal 


system as shown in Fig. 4.14. 360° 400 gon 





Thus 14 m5. | 
ı SU 9 9 90: 300 gon |———— | NONE 100 gon 
minute = 60x9 54 8 - — 
1 4 1 — 1 gon Sexagesimal system Centesimal system 
nd = — = — | 
кк 60х54 3240 Fig. 4.14 


Hence for the line BC its bearing 132735740” in centesimal system is 


10 

132° = 132 x 9 = 146.6667 gon 
1 

35 = 35 x 54 = 0.6481 gon 


40? = 40 x = 0.0123 gon 


3240 
Total = 147.327 gon 


Making similar calculations other bearings can be converted into centesimal system. All the 
results are given in Table 4.3. 


Table 4.3 





























AB | 4220000” | Х42200/00”Е | 46.6667 gon 

ВС | 13223540” | S47°24’20’E | 147.3271 gon 
CD | 18173400” | S1?34/00"W | 201.7407 gon 
DE | 23331700” | $53°31’00’W | 259.4630 gon 
EF | 31823540” | S41924720”VV | 353.9938 gon 
FA | 34203540” | N17°24’20’W | 380.6605 gon 
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Example 4.3. A closed-loop traverse ABCDA was run around an area and the following 


observations were made: 




















Stati Length | Includ 
on eng ncluded WCB. 
at to (m) angle 
A 
-—— 1874 | 8623002” | 14011740” 
B 
maala ни 9827 | 8025934” 
C 
C 
- — — -İ— — – – 1061 | 91°31’29” 
D 
— 21 1 3648 1005597157 
А 

















Adjust (һе angular error, if any, and calculate the coordinates of other stations if the coordinates 
of the station A are E1000 m and N1000 m. 


Solution: 


For systematic computations, the observations are recorded in a tabular form suggested by 
Gale. The Gale's traverse table is given in Table 4.4 and all results of various computations have 
been entered in the appropriate columns of the table. 


Adjustment of angular error 

Y Included angles = 8673002” + 8025934” + 91231729” + 1009597157 = 3602002040” 
Qn — 4). 90° = (2 x 4 – 4) x 90? = 360? 
360002040” – 360° = + 20" 

— 20”. 


Assuming the conditions of observation at different stations constant, the total correction can 
be distributed equally to each angle. 


Theoretical sum of the included angles = 
Total error = 


Total correction = 


Thus the correction to individual angle = T = — 5”, 
Therefore the corrected included angles are 
ZA = 8673002” – 5” = 8672957” 
ZB = 8025934” — 5” = 805929” 
ZC = 91731729” — 5" = 9103124” 
ZD = 100°59'15” = 5" = 1005910” 
Total = 3600000”. (Check) 
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Table 4.4 Gale's traverse table 
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A 187.4 | 8630027 | -5” 8629577 | 140°11°40” | 120.0 | -144.0 | 1000 1000 
-” 
B 382.7 | 80559/34"  -5” 80059297 | 41211/09” | 252.0 | 288.0 | 1120.0 | 856.0 
naa 
C 106.1 | 91931729" | -5” 9131/24" | 312242/33”| - 78.0 | 72.0 | 1370.0 | 1144.0 
m”. 
D 364.8 | 100059157 -5” 1002597107| 2332417437 | - 294.0 |- 216.0] 1294.0 | 1216.0 
ER 
x 360200/20”) -20” | 360200700” 0.0 0.0 
Computation of W.C.B. 
W.C.B. of AB = 1401140” (given) 
W.C.B. of BA = 180° + 1409117407 = 32021140” 
W.C.B. of BC = W.C.B. of BA + ZB 
= 320011140” + 80°59’29” — 360° = 4171109” 
W.C.B. of BA = 180° + 401109” = 22121109” 
W.C.B. of CD = W.C.B. of CB + ZC 
= 22121109” + 9103124” = 312242733” 
W.C.B. of DC = 180° + 3124233” - 3602 = 132242733” 
W.C.B. of DA = W.CB. of DC + ZD 
= 1324233” + 1009597107 = 23324143” 
W.C.B. of AD = 180° + 2339417437 - 360° = 5324143” 
W.C.B. of AB = W.CB. of AD + ZA 
= 5304143” + 862957” = 14011140”. (Check) 


Computation of consecutive coordinates 


Line AB 


Line BC 


Departure of a line D 
Latitude of a line L 


= [sin 0 


= İ cos 0. 


382.7 x sin 41211709” = 4252.0 m 
= 382.7 x cos 417111097 = — 288.0 m. 


187.4 x sin 14021140” = + 120.0 m 
187.4 x cos 14021140” = - 144.0 m. 
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Line CD 


Dep 

Lop = 
Line DA 

Dp, = 


Lpa = 
YD 
LE = 


106.1 x sin 312242337 = — 78.0 m 
106.1 x cos 312?42/33" = + 72.0 m. 


364.8 x sin 23324143” = -294.0 m 

364.8 x cos 23324143” = -216.0 m. 

120.0 + 252.0 — 78.0 — 294.0 = 0.0 (Check) 
— 144.0 + 288.0 + 72.0 — 216.0 = 0.0 (Check) 


Computation of independent coordinates (Easting and Northing) 


Coordinates of A 


EA 

Му, = 
Coordinates of B 

Eg = 

Ng = 
Coordinates of C 

Eç = 

Ng = 
Coordinates of D 


Coordinates of A 


Example 4.4. The data given in 


1000.0 m (given) 
1000.0 m (given) 


E, + Dg = 1000.0 + 120.0 = 1120.0 m 
N, + Lag = 10000 — 144.0 = 856.0 m. 


Ep + Dgc = 1120.0 + 252.0 = 1370.0 m 
Ng + Lec = 856.0 + 288.0 = 1144.0 m 


Eç + Dep = 1370.0 — 78.0 = 1294.0 m 
No + Lep = 1144.0 + 720 = 1216.0 m 


Ep + Dp, = 12940 - 294.0 = 1000.0 m (Check) 
N, + Lp, = 1216.0 — 216.0 = 1000.0 m. (Check) 


Table 4.5, were obtained for an anti-clockwise closed-loop 


traverse. The coordinates of the station A are E1500 m and N1500 m. Determine the correct 
coordinates of all the traverse stations after adjusting the traverse by 


(i) Bowditch’s method 


(ii) Transit rule. 


Table 4.5 





Internal angles Length (m) Bearing 





ZA = 1309187457 | AB = 17.098 | AF = 13622512” 





ZB = 1101823” | BC = 102.925 





ZC = 9903235” | CD = 92.782 





ZD = 116°18'02” | DE = 33.866 





ZE = 1199467077 | EF = 63.719 





ZF 1439467207 | FA = 79.097 
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Solution (Fig. 4.15): 
(i) Adjusting the traverse by Bowditch’s method 
Adjustment of angular errors 
Y Internal angles = 7209007127 
Expected Y Internal angles = (2n — 4). 90° = (2 x 6 — 4) x 90° = 720° 
Total error = + 12” 
Total correction = - 12”. 


Thus, assuming that all the angles have been measured 
with same precision, the correction to the individual angles 


EXP 
pl ud 


The corrected internal angles are given in Table 4.5. 





Computation of bearings Fig. 4.15 


Since the traverse is an anti-clockwise traverse, the measured bearing of the line AF is the 
back bearing (B.B.) of FA. The computation of bearings of other lines can be done in anti-clockwise 
direction by using the B.B. of AF or in clockwise direction using the fore bearing (F.B.) of FA, 
and the adjusted internal angles. Here the first approach has been used. 


F.B.z, = B.B.,y = 13672512” (given) 
F.B.,; = В.В.уу + ZA 

= 13625112” + 13001843” = 266°43’55” 
B.B.,g = 180? + 266°43’55” = 86?43'55" 
F.B.xc = B.B.,; + ZB 

= 86?43'55" + 1101821” = 1970216” 
B. Bgc = 180” + 1970216? = 17702716” 
F.B.cp = B.B.yc + ZC 

= 170216” + 99232/33” = 116°34’49” 
B.B.cp = 180° + 116°34’49” = 296?34'49" 
F.B.p; = B.B.cp + ZD 

= 2963449” + 11621800” = 52°52’49” 
B.B.pp = 180? + 5225249” = 232"52/49" 
В.В. = BB.pp + ZE 

= 23205249” + 119?46'05" = 352?38'54" 
B.B.gp = 180° + 352?38'54" = 172?38'54" 
F.B.., = B.B.EF + ZF 

= 172?38'54" + 1434618” = 3162512” 
В.В.д = 180° + 316725712” = 136?25' 12". (Check) 
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Computation of consecutive coordinates 


Line AB 

Dap 

Lap 
Line BC 

Dec 

Lec 
Line CD 

Dep 

Lcp 
Line DE 

Dpg 

Lpg 
Line EF 

Dir 

Ler 
Line FA 


Algebraic sum of departures = 


1,, Sin Вур = 17.098 x sin 266°43’55” = — 17.070 m 
Lip cos O42 = 17.098 x cos 266°43’55” = — 0.975 m. 


İc sin Орс = 102.925 x sin 1970216” = — 30.157 m 
Ipc cos Öğc = 102.925 x cos 197°02’16” = — 98.408 m. 


lop sin Ос̧ = 92.782 x sin 116°34’49” = + 82.976 m 
lep cos cp = 92.782 x cos 116?34'49" = - 41.515 m. 


Ing sin Opp = 33.866 x sin 525249” = + 27.004 m 
Ing cos Ope = 33.866 x cos 32052149” = + 20.438 m. 


Гур sin gr = 63.719 x sin 35223854” = — 8.153 m 
İz COS Opp = 63.719 x cos 3529738754” = + 63.195 m. 


lg, sin Oe, = 79.097 x sin 31672512” = - 54.527 m 
lg, cos Op, = 79.097 x cos 31672512” = + 57.299 m. 


total error in departure = ZD = + 0.073 m 


Algebraic sum of latitudes = total error in latitude = XL = + 0.034 m 


Arithmetic sum of departures Dy = 219.887 m 
Arithmetic sum of latitudes Ly = 281.830 m 


Balancing the traverse 
(i) By Bowditch’s method 


Correction to (departure/latitude) of a line 


= — Algebraic sum of (departure/latitude) 


Cp 


C, 


C p. AB 


= -YD- 


= =L 


length of that line 
perimeter of the traverse 





l 
xı 


l 
xı 


- 17.098 
389.487 


— 0.073 = — 0.003 m 
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102.925 
Cpgc = —0.073x = — 0.019 m 
389.487 
92.782 
Cbcp = —0.073x = — 0.017 m 
389.487 
33.866 
Cp pe = —0.073x = — 0.006 m 
389.487 
63.719 
Cpgr = —0.073x = — 0.013 m 
389.487 
79.097 
Cpa = —0.073x = – 0.015 m 
389.487 
Total = — 0.073 m (Check) 
17.098 
Crap = —0.034х — ——— -- 0.001 m 
389.487 
102.925 
Crec = — О.034х = — 0.009 тп 
389.487 
92.782 
С̧ср = —0.034x = — 0.008 m 
389.487 
33.866 
CıpE = —0.034x = — 0.003 m 
389.487 
63.719 
Crier = —0.034x = — 0.006 m 
389.487 
79.097 
Ctra = —0.034x = — 0.007 m 
389.487 
Total = — 0.034 m (Check) 
Corrected consecutive coordinates 
D^A4g = — 17.070 — 0.003 = - 17.073 m, Lug = – 0.975 - 0.001 - 0.976 m 
D/gc - 30.157 - 0.019 = - 30.176 m, Lc = — 98.408 - 0.000 = - 98.417 m 
D'cp = + 82976 — 0.017 = + 82.959 m, Гу = — 41.515 - 0.008 = - 41.523 m 
Dp = + 27.004 - 0.006 = + 26.998 m, Lop = + 20.438 - 0.003 = + 20.435 m 
DTy = – 8.153 - 0.013 = - 8.166 m, Lier = + 63.195 - 0.006 = + 63.189 m 
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Dr = - 54.527 — 0.015 = - 54.542 m, Linq = + 57.299 - 0.007 = + 57.292 m 
YD” = 0.000 m (Check) XL’ = 0.000 m (Check) 
Independent coordinates 

E, = 1500 m (given), N, = 1500 m (given) 

Ep = E, + Di) = 1500 — 17.073 = 1482.927 m 

Ng = Ng + L4p = 1500 – 0.976 = 1499.024 m 

Ec = Eg + Dyç = 1482.927 - 30.176 = 1452.751 m 

Му = Ng + Lic = 1499.024 – 98.417 = 1400.607 m 

Ep = Ec + Ос̧, = 1452.751 + 82.959 = 1535.710 m 

Np = Nc + Lp = 1400.607 - 41.523 = 1379.519 m 

E; = Ep + Dr = 1535.710 + 26.998 = 1562.708 m 

Np = Np + Log = 1359.084 + 20.435 = 1379.519 m 

E, = Ep + Dep = 1562.708 — 8.166 = 1554.542 m 

Np = Np + Lop = 1379.519 + 63.189 = 1442.708 m 

E, = Ep + Di, = 1554.542 - 54.542 = 1500 m (Check) 
Му = Np + Lu = 1442.708 + 57.292 = 1500m. (Check) 


The results of all the computations are given in Table 4.6. 








(ii) By Transit rule 
Correction to (departure/latitude) of a line 


(departure/latitude) of that line 
arithmetic sum of (departure/latitude) 





= — Algebraic sum of departure/latitude) 





D 
Cp = —XD — 
D; 
515 
T 
Table 4.6 
17.098 | 1307187457 c 1301843” | 2669437557 | - 17.070 — 0.975 
102.925 | 110°18’23” — ди 1107187217 |197202/1167 | - 30.157 | – 98.408 





92.782 | 99°32’35” 
33.866 | 11671802” 


-2" 99032733” 1163449" | 482.976 | – 41.515 
-2" 116?18'00" | 52°52’49” | 427.004 | 20.438 
63.719 | 11946'07” r 1199467057 |352?38'54" | — 8.153 | + 63.195 
79.097 | 1434620” d 1439467187 |316?25'127| - 54.527 | + 57.299 
389.487 | 7209007127 İ – 12" | 720*00'00" * 0.073 — 0.034 


NI 





NI 








tə | ә 





Malala |= 
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Table 4.6 (continued) 
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- 0.003 - 0.001 - 17.073 - 0.976 1500 1500 
- 0.019 - 0.009 - 30.176 - 98.417 1482.927 1499.024 
- 0.017 - 0.008 + 82.959 - 41.523 1452.751 1400.607 
- 0.006 - 0.003 + 26.998 + 20.435 1535.710 1359.084 
— 0.013 — 0.006 — 8.166 + 63.189 1562.708 1379.519 
- 0.015 — 0.007 — 54.542 + 57.292 1554.542 1442.708 
- 0.073 - 0.034 0.000 0.000 
17.070 
Chap = —0.073x = = (0,006 m 
219.887 
30.157 
és. = =Ӧ018х = ODO 
— 219.887 m 
82.976 
Crom = —0.073х = — 0.027 
D,CD 219.887 m 
27.004 
Con = —0.073х = — 0.009 
— 219.887 = 
8.153 
Cor = —0.073x = — 0.003 
ne 219.887 = 
54.527 
Cor = —0.073x = — 0.018 
D,FA 219.887 = 
Total = — 0.073 m (Check) 
0.957 
5 - = — 0.000 
LAB 281.830 = 
98.408 
nn x == DIO 
rag 281.830 m 
41.515 
2767770. = — 0.005 
— 281.830 ” 
20.438 
C,» = —0.034x = — 0.002 
LPE 281.830 = 
i 
će zi = sag Se ONE an 


281.830 
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C;m= —0.034х ә = — 0.007 m 
: 281.830 (| — — 
Total = — 0.034 m (Check) 

Corrected consecutive coordinates 

Dip = — 17.070 — 0.006 = - 17.076 m, Гур = — 0.975 – 0.000 = - 0.975 m 
De = — 30.157 – 0.010 = - 30.167 m, Lec = — 98.408 - 0.012 = - 98.420 m 
Ос̧ = + 82.976 - 0.027 = + 82.949 m, L’cp = - 41.515 - 0.005 = - 41.520 m 
D/pyg = + 27.004 — 0.009 = + 26.995 m, Lor = + 20.438 — 0.002 = + 20.436 m 
Dp = — 8.153 - 0.003 = - 8.156 m, Lipp = + 63.195 — 0.008 = + 63.187 m 
Dr = - 54.527 - 0.018 - 54.545 m, Linq = + 57.299 - 0.007 = + 57.292 m 


YD” = 0.000 m (Check) 


Independent coordinates 


= 
I 


Е, = E, + Dj, 


Ey = Eg + Dr 


NA = Np + Гы 








Ng = Му + Lg 
Ec = Eg + Dc 
No = Ng + Lic 
Ep = Ec + Dp 
Np = Ne + Lp 


Np = Np + Lpg 


У1/ = 0.000 m 


= 1500 m (given), N, = 1500 m (given) 


(Check) 


= 1500 - 17.076 = 1482.924 m 


= 1500 - 0.975 = 1499.025 m 

= 1482.924 - 30.167 = 1452.757 m 
= 1499.025 — 98.420 = 1400.605 m 
1452.757 + 82.949 = 1535.706 m 
1400.605 - 41.520 = 1359.085 m 
E, = Ep + Döy: = 1535.706 + 26.995 = 1562.701 m 
= 1359.085 + 20.436 = 1379.521 m 


= 1562.701 - 8.156 = 1554.545 m 


Np = Np + Lpp = 1379.521 + 63.187 = 1442.708 m 
= 1554.545 - 54.545 = 1500 m 


= 1442.708 + 57.292 = 1500 m. 
The results of all the computations for Transit rule are given in Table 4.7. 


Table 4.7 


(Check) 


(Check) 











- 0.006 | - 0.000 
— 0.010 | – 0.012 
-0.027 | — 0.005 
- 0.009 | - 0.002 
- 0.003 | - 0.008 
- 0.018 | - 0.007 
— 0.073 | — 0.034 


- 17.076 


— 30.167 
+ 82.949 
+ 26.995 
— 8.156 
— 54.545 
0.000 





— 0.975 
— 98.420 
— 41.520 
+ 20.436 
+ 63.187 
+ 57.292 
0.000 


1500 
1482.924 
1452.757 
1535.706 
1562.701 
1554.545 








1500 
1499.025 
1400.605 
1359.085 
1379.521 
1442.708 
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Example 4.5. The following data were collected while running a closed traverse ABCDA. 
Calculate the missing data. 


Solution (Fig. 4.16): 


Let the length of BC be 


the lines are 

















Line | Length (m) | Bearing 
AB 330 181925” 
BC ? 899507 
CD 411 355900” 
DA 827 ? 











l and the bearing of DA be @ then the consecutive coordinates of 


Lip sin 0,5 = 330 x sin 1819257” = — 8.159 m 

l4g COS 0,p = 330 x cos 1819257- - 329.899 m 
lgc sin Ogc = | x sin 89°50’ 

Ipc COS Ogc = 1 x cos 89950” 

İcp sin Öçp = 411 x sin 3559007 = — 35.821 m 
lep COS Oc = 411 x cos 3559007 = + 409.436 m 
lp, sin Op, = 827 x sin 0 


lp, COS 0p, = 827 x cos 9 





In the closed traverse ABCDA 


EL = 0.0 
— 8.159 + 1 x sin 89750 - 35.821 = 827 x sin 0 

— 329.899 + | x cos (897507) + 409.436 = 827 x cos 9 

827 x sin 0 = - 43.980 + 0.999 1 ...(a) 

827 x cos 9 = + 79.537 + 0.003 1 ...(b) 
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Taking 0.003 / = O in Eq. (a), we get 


79.537 
827 


0 = 84°29’, 





Substituting the value of 6 in Eq. (a), we get 
43.980 + 872 x sin 84°29" 
0.999 


= 867.15 m. 


Now substituting the value of / = 867.15 m in Eq. (b), we get the value of 6 in the second 
iteration as 





l= 


79.537 + 0.003 x 867.15 








— 827 
= 84°18’ 
and the value of / as 
izə 43.980 + 827 xsin 84°18" 
0.999 
= 867.78 m. 


Taking the value of 0 and / for the third iteration, we get 
79.537 + 0.003 X 867.78 
827 
0 = 84°18¢. 


Since the value of 0 has not changed, the value of / will be same as in the second iteration, 
and therefore, the length of BC = 867.78 m and the bearing of DA = 84°18’. 





COS 





A 
Alternative solution Fig. (4.17): ^ | 
In this method, the two sides BC and DA with omitted "up ILL 
measurements, are made adjacent lines by drawing parallel | "NE 


lines. In this way the lines DA and DA' are the adjacent 
lines in the traverse ADA BA. To achieve this, draw DA^ 
from D parallel to and equal to BC and BA "from B parallel | 
to and equal to CD, ene nnn a 


Fig. 4.17 





Considering the length and bearing of the line AA” in the closed traverse ABA’A as l and 6, 
respectively, we get 
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Dag + Dgy + DAA 


Lip + 


(in S-E quadrant, since departure 


or VV.C.B. of AA” 


and AA” 
In AAAD, we have 


AD 
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= 0 
Ley + Lya = О 
= [sin 0 = — 330 x sin 181°25’ — 411 x sin 355° = + 43.980 
= [cos 02 — 33x cos 181725” — 411 x cos 355° = — 79.537 
Isin@ 43.980 
~ Icos@ 79.537 
= 285626” 


is positive and latitude is negative) 
180° — 28°56’26” = 15120334” 





| = JD? ya #L ga = (43.980? +79.537? = 90.887 m. 


AA” AD 





sin 8 sina siny 


Y 


sin Q 


In AAA’D, we have 


AD 


OT 


BC 


bearing of A'A - bearing of A’D 
bearing of A’A — bearing of BC 
51203734” - 89°50’ 
6121334” 
AA'siny 

AD 


90.887 xsin 611334” 
827 


53140”. 





= 0.09633 


180? — (a + y) 

180° — (5?31/40" + 6197137347) 
11321446”. 

_ ADsin B 

sin Y 


_ 827 xsin 113714746” 





sin 61013734” 
= 866.90 m. 
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Bearing of DA = bearing of DA” — oz 
= (180° + 89°50’) — 523140” 
= 26401820”. 


Example 4.6. P, Q, R, and S are four stations whose coordinates are as below: 

















Son Easting | Northing 
(m) (m) 
P 1000.00 | 1000.00 
Q 1180.94 | 1075.18 
R 1021.98 | 1215.62 
S 939.70 1102.36 











Another station X is to be fixed at the intersection of the lines PR and QS. What are the 
coordinates of X ? 
Solution Fig. (4.18): 








PQ = JOB? + PB? -4[(1075.18- 1000.00)? +(1180.94 — 1000.00)? = 195.937 m 














OR = JOC? «CR? = |1215.62 — 1075.18)? +(1180.94 — 1021.98)? = 212.112 m 
PR = \/PD? + DR? -4(1215.62- 1000.00)? + (1021.98 — 1000.00)? = 216.737 m 
SQ = SE? «EQ? =,|(1102.36 — 1075.18)? + (1180.94 — 939.70)? = 242.766 m 





SP = İSA? + AP? =,|(1102.36 — 1000.00)? +(1000.00 — 939.70)? = 118.801 m 


From APRQ, we have 
PR? + PO” — RO? 
-.- 2PR.PQ 





216.373? +195.937? — 212.112? 








2x216.373x195.937 
a = 61?37'00". 
From ASPQ, we have 
SO? + PO? — SP? 
кк 250.РО 


242.166? +195.9377 —118.801? 
2x242.766 x195.937 


= 2859/28". 
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From APQB, we have 





QB 
© = PB 
_ (1075.180 — 1000.00) 
– (1180.940 - 1000.00) 
o = 222346”. 


From APQX, we have 


180? — (a + p) = 180? — (61737700” + 28°59’28”) 


= 8923732”. 
From sin law in APQX, we get 
PX PO 
sin siny 
PX = Po. sin D 
sin y 


_ 195.937 x sim (28*55928) — 94971 m 


sin (80?23 32") 





Let bearing of PX be 0 then 
0 


90? — (a + @) 
0 = 90? - (61?37'00" + 22223467) = 5?59'14". 
Departure of PX = PX sin 0 = 94.971 x sin (5559147) = + 9.91 m 
Latitude of PX = PX cos 0 = 94.971 x cos (5259147) = 94.45 m 
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Coordinates of X 
Easting of X = easting of P + departure of PX = 1000.00 + 9.91 = 1009.91 m 
Northing of X = northing of P + latitude of PX = 1000.00 + 94.45 = 1094.45 m 
Therefore the coordinates of X are E1009.91 m and N1094.45 m. 
Alternative solution-I (Fig. 4.19): 
Let the coordinates of X be (X, Y) and 
XD =m, DQ =n 
ХВ =x, BR =y 
From As RBX, and RAP, we have 


y RA 


x PA 





1215.62-Y _ 1215.62-1000.00 21562 ig. 419 
– 1021.98— Х 1021.98 —1000.00 21.98 


Y = + 9.810 X — 8809.827. ...(a) 
From As XDQ, and QSC, we have 








m SC 
n CO 
Y -1075.18 1102.36-1075.18 27.18 
7 1180.94— X 1180.94 —939.70 241.24 
Y 
= — 0.113 X + 1208.234. ...(b) 


Equating Eqs. (a) and (b), we get 
9.810 X — 8809.827 = - 0.113 X + 1208.234 
90.923 X = 10018.061 
X = 1009.58 m. 
Substituting the value of X in (a), we get 
Y = 9.810 x 1009.58 — 8809.827 
= 1094.15 m 
Thus the coordinates of X are E 1009.58 m, N 1094.15 m. 
Alternative solution-II (Fig. 4.19): 
Since PR and OS are two straight lines, their intersection can be determined if their equations 
are known. 


Equation of a straight line is 


y = ax +b. 
Eguation of the line PR 


y = ap + dy 
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RA 215.62 
^ 7 pA 2198 ^^ 
At the point P, x, = 1000.00 and y, = 1000.00 
therefore, 1000.0 = 9.801 x 1000.00 + 5, 
b, = - 8801 
Similarly, equation of the line SQ 
y) = GX) + b, 
SC -27.18 
25. 
At the point S, хә = 939.70 and y, = 1102.36 
therefore, 1102.36 = — 0.113 x 939.70 + b, 
b, = 1208.55. 


Thus the equations of the lines PR and SQ are 

y, = 9.801 x, - 8801 

уз = — 0.113 x, + 1208.55. 
At the intersection X of the two lines y, = y; = y and xı = x; = x we have 

9.801 X – 8801 = - 0.113 X + 1208.55 

X = 1009.64 m 

Y = 9.801 x 1009.64 - 8801 = 1094.48 m. 
Thus the coordinates of X are E 1009.64 m, N 1094.48 m. 


Example 4.7. A theodolite was set up at station PO and horizontal and vertical angles were 
observed as given in the following table: 


P L 26°36'22” — 4017718” 
Q L 1139257507 | + 2621432” 

















Calculate the true value of angle POQ when the line of collimation is inclined to the trunion 
axis by (90° - c) and the trunion axis is not perpendicular to the vertical axis by (90° - i) where 
c = 22” and i = 16” down at right. 


Solution (Figs. 4.2 and 4.3): 
The error e, in horizontal circle reading for face left for the line of collimation to the trunion 
axis, is given by 
e. =z=csech 
For the sighting OP 
eop = + 22” sec 407177187 = + 28.9" 
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Correction = - 28.9” 
and for the sighting OQ 
eog = + 22" sec 2601432” = + 24.5” 
Correction = — 24.5” 


It may be noted that the error in the horizontal circle readings remains same for the angles of 
elevation and depression. It changes sign only when the face is changed. 


The error in the horizontal circle reading for the trunion axis not perpendicular to the vertical 
axis, is given by 
€, =itanh 
and for the sighting OP 
€iop = + 16" tan 4021718” = + 13.6" (for depression angle) 
Correction = - 13.6”. 
For the sighting OQ 
ео = — 16" tan 26?14/32" = — 7.9" (for elevation angle) 
Correction = + 7.9". 


It may be noted that for this error in horizontal circle readings the signs are different for the 
angles of depression and elevation. 


Total correction for the sighting OP = — 28.9" — 13.6" = — 42.5" 
Total correction for the sighting OQ = - 24.5” + 7.9" = — 16.6" 


Therefore, 
the correct horizontal circle reading for ОР = 26736722” - 42.5" 
= 2633393” 
the correct horizontal circle reading for OQ = 113?25'50" - 16.6" 
= 113°25’33.4” 
Therefore 


113?25'3.4" — 26?35'39.5" 
86?49'53.9". 


the correct horizontal angle POQ 


OBJECTIVE TYPE QUESTIONS 


1. A theodolite can measure 
(a) difference in level. 
(b) bearing of a line. 
(c) zenith angle. 
(d) all the above. 
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The error in the horizontal circle readings, is due to 

(a) the late axis bubble not being parallel to the line of collimation. 
(b) the line of sight not being parallel to the telescope axis. 

(c) the line of collimation not being perpendicular to the trunion axis. 
(d) none of the above. 


The error in the horizontal circle readings due the line of collimation not being perpendicular to 
the trunion axis is eliminated by 


(a) taking readings on the different parts of the horizontal circle. 

(b) taking readings on both the faces. 

(c) removing the parallax. 

(d) transiting the telescope. 

Quadrantal bearing is always measured from 

(a) the north end of the magnetic meridian only. 

(b) the south end of the magnetic meridian only. 

(c) the north end or the south end of the magnetic meridian. 

(d) either the north end or the south end of the magnetic meridian as the case may be. 


If the departure and latitude of a line are + 78.0 m and - 135.1 m, respectively, the whole circle 
bearing of the line is 


(a) 150°. 
(b) 30°. 
(c) 60°. 
(d) 120°. 


If the departure and latitude of a line are + 78.0 m and — 135.1 m, respectively, the length of the 
line is 


(a) 213.1m. 
(b) 571m. 
(c) 1560m. 


(d) non of the above. 

Transit rule of balancing a traverse is applied when 

(a) the linear and angular measurements are of same precision. 

(b) the linear measurements are more precise than the angular measurements. 
(c) the angular measurements are more precise than the linear measurements. 


(d) the linear measurements are proportional to / and the angular measurements are proportional 
to (1/1) where / is the length of the line. 


The error due to the non-verticality of the vertical axis of a theodolite 
(a) is eliminated in the method of repetition only. 
(b) is eliminated in the method of reiteration only. 
(c) is eliminated in the method of repetition as well as in reiteration. 


(d) cannot be eliminated by any method. 
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9. 


Random method of running a line between two points A and B is employed when 
(a) A and B are not intervisible even from an intermediate point. 

(b) Aand B are only intervisible from an intermediate point. 

(c) the difference of level between the points is large. 

(d) it is not a method at all for running a line. 


The error in the horizontal circle reading of 41°59’13.96” and vertical circle reading of + 36°52’11.63” 
for any pointing due to the trunion axis not being perpendicular to the vertical axis by 
(90? — i) where i is 20”, is 


(a) +15”. 
(b) +18”. 
(c) — 15”. 
(d) — 18”. 
ANSVVERS 
(4) 2. (o 3. (b) 4. (d) 5. (a) 6. (с) 


(c) 8. (d) 9. (a) 10. (a) 


